Introduction
Controlled release technology, which is used in the formulation of pharmaceutical product, has become increasingly important due to its significant role in recent pharmaceutical technology. A controlled release system has the advantages, including more constant or prolonged therapeutic effects, improved patient compliance, decreased side effects, and decreased costs. Film coating, based on polymeric substances, are widely used in oral dosage forms, with the aim of obtaining a sustained 1, 2 and targeted drug delivery, 3,4 moisture barriers 5 and masking of the bitter taste of active ingredients in some drugs. 6 Several natural and synthetic polymers have proven to be suitable coating agents by providing different drug release kinetics. 7 However, it is often difficult to obtain the desired efficacy from each polymer alone, thus there is the need to combine the physicochemical characteristics of different macromolecules in order to achieve optimum response. Ethyl cellulose (EC) is one of the most widely used hydrophobic polymers as a matrix former or coating material in sustained release dosage forms. 8, 9 It offers moderate film forming properties, enabling suitable coatings to be produced. On the other hand, Eudragit RL (ERL) and Eudragit RS (ERS) are acrylic and methacrylic acid esters, respectively, having some hydrophilic properties due to the presence of quaternary ammonium groups; where ERL possesses higher amount (50 mEq/100 g polymer) of such groups than ERS (25 mEq/100 g polymer). 10 They are mainly used as film coatings in tablets, granules and other small particles, The release characteristics of film coated controlled release formulations are strongly dependent on the swelling ability and permeability of the film. From another point of view, the study on drug permeation through free films of polymeric materials could be useful in understanding and predicting the properties of coatings on the surface of a dosage form. A few number of studies focused on both permeation and release of drug from coated dosage forms. In a study, Ye et al. prepared mixed films of EC/hydroxypropyl methylcellulose and investigated the permeability of metoprolol tartrate through the films. Also, the drug release from pellets coated with the same formulation of polymer blends was evaluated. The authors included that the diffusion of drug through isolated plasticized polymer films was predictive for the release of film coated dosage forms. 11 An experimental design approach allows for a reduction in the number of experiments, with a complete exploration of the experimental domain to be studied; where all the variables are studied at the same time. On the other hand, response surface methodology has been reported as an effective tool for optimizing a process when the independent variables have a combined effect on the desired response. 12 Therefore, the objective of this study was to evaluate the properties of free films made from blends of three water insoluble polymers, Eudragit RS, Eudragit RL and ethylcellulose in different ratios, for the control of drug release, for the purpose of investigating the effect of each polymer on the swelling and permeation characteristics of the other polymers, and finally to predict the suitable formulation for coating of pellets in order to achieve the optimum controlled release dosage form. Theophylline was chosen as a model drug. This drug has long been used as a treatment for diseases, including bronchial asthma. However, due to its narrow therapeutic concentration range and meal dependent absorption, managing the dose of this drug has been rather difficult. The absorption of drug from a conventional matrix tablet is strongly influenced by its transition rate in the gastrointestinal tract. Also, the bioavailability of conventional matrix tablets varies widely 13 
Methods

Experimental design
For the purpose of this study, a 3 3 full factorial design was used to investigate the effect of independent variables on the responses. The independent variables included film thickness (X 1 ), the ratio of EC to total polymer content (X 2 ), and the ratio of ERS: ERL in free films (X 3 ). The levels of independent factors and dependent variables are listed in Table 1 . 
Preparation of free films
Free films comprising different amounts of polymers were prepared using casting-solvent evaporation method. Briefly, A 10% (w/v) solution of Eudragit RS 100, Eudragit RL 100 and/or ethylcellulose was prepared by dissolving granules or powders of these polymers in given ratios of isopropyl alcohol:distilled water (9:1; 4.5:1, and 3.5:1 ratio for films containing 0, 40, and 80% EC, respectively). Then, a fixed amount of triethyl citrate (1:6 ratio related to total polymer content) was added as a plasticizer. The resultant solution with a suspension volume of volume of 25 mL in each plate was transferred on to Teflon plates. The plates were then placed in an oven at a temperature of 50°C for 24 h until drying was completed. After keeping the plates in a desiccator of 100% relative humidity (RH) for 24 h, the films were cut into different special pieces with a scalpel for various experiments. The thickness of the films was measured at five different places using a micrometer. The free films were finally stored in a desiccator of 50% RH made from a saturated solution of magnesium nitrate hexahydrate at room temperature, until use. Different free films were prepared based on the experimental design. Table 2 summarizes the resultant formulations.
Water vapor transmission study
Water vapor transmission (WVT) of films was performed gravimetrically at a temperature of 25°C. Free films, with appropriate dimensions, were sealed in WVT cups containing 10 mL of distilled water. The cups were accurately weighed and placed in a desiccator containing silica gel and appropriate amounts of calcium chloride in order to create a climate of low relative humidity (approximately 0%). Then, reweighing of the cups was done again at designated intervals (24, 48, 72, 96 and 120 h), and the profile of mass change versus time was plotted for each free film. WVT was calculated using the following equation:
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Where w/t is the change in mass (flux, mg/h) resulting from the slope of profile of the mass change versus time, A is the area of the film surface exposed to the permeant (m 2 ), P 0 is the vapor pressure of pure water (kPa), and (RH 1 −RH 2 ) is the relative humidity gradient. At a temperature of 25°C, the obtained P0 was 3.159 kPa. Water uptake experiments Water uptake tests of free films were conducted in the media with a pH of 1.2 and 6.8 for acidic and buffer media, respectively. 1 cm 2 area of each free film was dried at 50°C for 24 h, and after accurate weighing it was immersed in a dissolution flask containing 250 ml of different media at 37°C. The swollen sample was withdrawn at specific intervals, with its surface water wiped off using a filter paper, and finally accurately reweighed. The swelling index, I s , was calculated using the following expression:
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Where W d and W s are the weights of the dried and swollen free films, respectively. All experiments on water uptake were applied in triplicate.
Permeability experiments
Samples of free films were retained between compartments of a side-by-side diffusion cell with a diffusion area of 3.46 cm 2 . Each cell was continuously stirred and the temperature was maintained at 37°C. Permeability experiments were conducted in the acidic and buffer media, respectively for 3 h. The donor compartment was also composed of theophyllineas with an initial concentration of 3 g/L. Samples of 10 ml were taken from the acceptor cells at predetermined intervals and replaced together with the fresh medium. Then, the samples were assayed for theophylline spectrophotometrically at 272 nm. The permeability was calculated using the following equation:
Where M is the amount of drug diffused (mg) through free films at time t, S is the effective diffusion area (cm 2 ), C d is the concentration of drug in the donor cell and P is the permeability of free film (cm/s).
Preparation of drug containing pellets
Drug containing pellets were prepared by coating the theophylline onto the non-pareil beads (850 to 1180 μm) using fluidized bed coater (Wurster insert, Werner Glatt, Germany). A 30% w/v aqueous suspension of theophylline (<90 μm) was prepared by dispersing theophylline in a 9% w/v PVP K30 solution, and finally passing it through a 140 mesh sieve. The final suspension was coated onto non-pareils using fluidized bed coater. Table 3 presents a list of the coating conditions. The coating process continued until pellets having about 20% w/w drug load were produced. After coating, the pellets were extra fluidized for about 5 min, followed by storage in an oven at 40°C, for 2 h.
Content uniformity
Two hundred milligrams of theophylline pellets were ground and transferred into 250 ml volumetric flasks containing phosphate buffer at a pH of 6.8. The flasks were shaken in a shaking water bath at 25°C for 3 h. The concentration of the drug was determined spectrophotometrically in filtered solutions at 272 nm. All assays were carried out in triplicate.
Polymer coating
The two most optimum free film formulations (ERS-EC in the ratio of 60:40 and ERS) were chosen according to the contour plots and optimization of formulations. Then, 10% (w/w) solutions of the optimum formulations were prepared in isopropyl alcohol:water in ratios of 4.5:1 and 9:1, respectively. The solution was plasticized with triethyl citrate (in the ratio of 1:6 related to dry polymer) with talc added as a glidant (5% w/w, related to dry polymer). The final dispersion was coated onto 100 g of drug loaded pellets with a fluidized bed coating apparatus (Wurster insert, Werner Glatt). The process conditions were as follows: spray rate of 10 g min -1 , atomization pressure of 2 bars, nozzle diameter of 1 mm, inlet temperature between 40 and 45°C and outlet temperature between 30 and 35°C. Samples of coated pellets were removed from the apparatus upon reaching the coating loads of 5, 10, 15 and 20% (w/w), respectively.
Dissolution studies
Dissolution studies were conducted on a 900 ml medium at 37°C using a USP dissolution apparatus I (Pharmatest, PTWS, Germany) at a rotation speed of 50 rpm. Accurately weighed (100 mg) pellets were transferred into the dissolution medium and at predetermined intervals, the samples were taken from the vessel and ultra violetly (UV) assayed spectrophotometrically at 272 nm. Dissolution test was performed for 1 h in the medium with pH 1.2 (HCl 0.1 N), followed by 7 h in the medium with pH 6.8 (phosphate buffer). All experiments on dissolution were applied in triplicate.
Scanning electron microscopy
The surface characteristics of the powder samples were observed using scanning electron microscopy (SEM) (LEO 1450 VP, UK). The samples were sputter coated with silver for 1 min in a sputter coater (Polaron E5400, UK).
Statistical analysis of data
The effects of the independent variables on the responses were modelled using a second order polynomial equation: The modeling was performed using SPSS (Version 16.0), with a backward, stepwise linear regression technique, and significant terms (P < 0.05) were chosen for the final equations. The resultant response surface plots and contour plots from the equations were obtained using Statgraphics 5. 
Results and Discussion
The results of WVT experiments are shown in Table 3 .
From the results there was a decrease in WVT with increasing film thickness, and this could have resulted from the prolonged pathway of water vapor molecules through the films. The addition of ERS to the free films lowered the WVT index. From the comparison of the structure of ERS and ERL, it is obvious that ERS is more hydrophobic than ERL due to the less amounts of quaternary ammonium groups in its structure 18 and therefore gives rise to the less tendency of water vapor permeation through the free films. The results of WVT were consistent with the data of another investigation in which WVT index of free films containing ERS was 13 mg/m 2 hKPa, and the addition of EC increased the water vapor permeability of the films.
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In the present study, the WVT indices for free films compromising 100% ERS, with thicknesses of 60, 130 and 200 μ, were 21.729, 18.097 and 13.382 mg/m 2 hKPa, respectively, which were the lowest amounts among all the given formulations. On the other hand, an increase in the ratio of EC to the other polymers in the formulations enhanced WVT, such that in a ratio of 80% EC, the WVT lowering effect of ERS was not significant. This outcome could have resulted from the less integration of free films, as illustrated in the scanning electron microscopy (SEM) (Figure 1 ) due to the presence of three different polymers, followed by a decrease in the resistance to water vapor transmission of the free films. The swelling index of formulations is presented in Table  3 . As shown, formulations F15, F21 and F27 had the lowest swelling index in the acidic media. None of the three mentioned formulations had ERL in their compositions. It has been demonstrated in other studies that the swelling of ERS is partially restricted in the presence of chloride ion 18,20 which explains the small amounts of swelling of free films containing ERS. On the other hand, maximum amount of swelling in acidic and buffer media occurred in formulations containing ERS-ERL, with the ratio of 1:1 (F1, F10 and F19) . A major decrease in swelling was observed when the film thickness increased in the presence of ERS. This effect diminished when ERS was partially substituted with ERL in free films. As a matter of fact, less amounts of ionizable quaternary ammonium groups in the structure of ERS restricted the accessibility of the functional groups, and swelling could be more influenced by variation in thickness compared with free films containing ERL. The presence of EC in the formulations compartment, in amounts up to 40%, lowered the swelling index in SGF and SIF. The larger amounts of EC showed no significant swelling controlling effect, especially in the presence of higher ratios of ERS, and this demonstrated that ERS was the most restrictive polymer on the swelling of free films. The results of the permeability of theophylline for all formulations are shown in Table 3 . Accordingly, formulations F1, F10 and F19, containing high elements of ERL in their compositions, exhibited minimum resistances to drug permeation in both acidic and buffer media. On the contrary, minimum amounts of permeability was attributed to formulations F12, F21, F24 (p<0.01) in which ERL was not present and the film thicknesses were either 130 or 200 µ. The latter formulation was made up of 40% EC, and could be assumed as a suitable ratio of EC to Eudragit for sustaining drug release. The selection of accurate independent variables and dependent factors is a key parameter in an experimental design for optimization of process. The aim of the current study was to achieve an appropriate ratio of different time dependent polymers and to predict a suitable coating system for controlling the drug release from thepohylline pellets. Therefore, the ratios of ERS:ERL and EC:total polymer contents were assumed as the independent variables. With regards to the important effect of coating thickness on drug release, film thickness was selected as the third variable. Water vapor permeation of free films was selected as a response due to the importance of the protective effect of coating films against moisture permeation.
21 Also, according to the close relationship between drug release and the permeability of free films, the latter characteristic was the second candidate as a response for optimization. On the other hand, due to the need to predict a suitable formulation for controlled release product, the similar permeability in two simulated media, could be assumed as the sustained and uniform drug release in the gastro intestinal (GI) tract. Thus, the ratio of permeability in acidic: buffer media (P a :P b ) was chosen as the other response for optimization (Table 3) . Mathematical equations were obtained for each response using the statistical program SPSS based on the relationship between the independent and dependent factors. The equations are listed as follows: Analysis of variance (ANOVA) confirmed the significance of the assumed regression models for the responses. To prove the validity of the equations, values of X 1 , X 2 and X 3 were substituted in the equations in order to obtain the predicted values of responses. Accordingly, the similarity between the results of the observed and predicted responses could be indicative of the accurate selection of the factorial design, variables and levels. The selection of appropriate constraints for the responses was required for the optimization of the process and also to determine the optimum formulation(s). As the WVT of free films was indicative of the protection against moisture permeation, amounts less than 30 mg/m 2 hKPa were assumed as the optimum Y 1 response. Also, the constraint used for Y 6 ranged from 0.95 to 1.05, levels in which the drug release from the formulations could be equal in both the acidic and buffer media. Contour plots were drawn for Y 1 and Y 6 ( Figure 2 ). The best area for formulations was selected according to the contour plots and constraints. It was discovered that formulations F12, F15, F21 and F24 exhibited theoretical optimum responses. Of these, F15 and F24 (containing 40% EC and 60% ERS), which only differed in the film thickness also resulted in practical optimum responses. The two other formulations had only ERS in their compositions. Therefore, the coating systems containing ERS:EC (6:4) or ERS were selected as the optimum formulations for coating of theopylline pellets. The drug release from the pellets was examined after preparation of the pellet. Figure 3 shows the drug release from the pellets containing optimum coating formulations with different coating thicknesses. As shown in the Figure, an increase in the coating thickness managed a slower release from the pellets, which was in direct relation with the higher tortuosity and path of drug molecules. 22 On the other hand, the addition of 40% EC to the coating formulations resulted in more sustained and controlled drug release, and the data were compatible with the data of permeability. Pellets coated with ERS:EC (6:4), and having coating thickness of 10%, met the suitable sustained drug release condition from a sustained release dosage form of theophylline defined by USP, 23 and such pellets could be selected as the optimum pellets. 
Conclusion
The results of this investigation demonstrated that the primary studies on free films could be valuable for the prediction of drug release from pellets. Factorial design was the appropriate method for the evaluation of different parameters in the process of free film preparation and optimization of the coating system. According to the data, the formulation containing Eudragit RS:Ethylcellulose (in the ratio of 6:4) exhibited suitable conditions necessary for controlling drug release, and the pellets coated with this formulation could be selected as a theophylline controlled release dosage form.
